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Abstract 

Subjective cognitive impairment may be a very early at-risk period of the continuum of dementia. However, it is difficult to 
discriminate at-risk states from normal aging. Thus, detection of the early pathological changes in the subjective cognitive 
impairment period is needed. To elucidate these changes, we employed diffusion tensor imaging and volumetry analysis, 
and compared subjective cognitive impairment with normal, mild cognitive impairment and Alzheimer's disease. The 
subjects in this study were 39 Alzheimer's disease, 43 mild cognitive impairment, 28 subjective cognitive impairment and 41 
normal controls. There were no statistically significant differences between the normal control and subjective cognitive 
impairment groups in all measures. Alzheimer's disease and mild cognitive impairment had the same extent of brain 
atrophy and diffusion changes. These results are consistent with the hypothetical model of the dynamic biomarkers of 
Alzheimer's disease. 
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Introduction 

The relationship between subjective and objective memory 
impairment is more complicated in older adults. Around 25-56% 
of older adults have subjective memory complaints, and such 
complaints may be a predictor of future dementia [1]. Subjective 
cognitive impairment (SCI) may be observed prior to amnestic 
mild cognitive impairment (MCI) in the continuum of the disease 
progression [1-4]. Amnestic MCI is an at-risk period of dementia, 
converting to dementia at a rate of 10-15% per year [5—12]. 
About 7-8% of healthy older people with SCI progress to MCI or 
convert to dementia every year. [3] Jessen et al. reported that 
subjective memory impairment (SMI) subjects with worry showed 
a greater risk for conversion to Alzheimer's disease (AD) than did 
SMI subjects without worry or subjects without SMI [4]. AD is the 
most common type of neurodegenerative disorder, and its main 
clinical feature is memory impairment with impaired awareness 
even in the earliest stages [13]. Galeone et al. reported that AD 
and MCI subjects showed reduced awareness of memory 
difficulties and significant memory monitoring deficits [14]. 
Additionally, the insight into memory impairment becomes 
weaker with disease progression, a process that may be used to 
predict conversion from MCI to AD. Therefore, the self-awareness 
of poor memory function is considered to be a very early change in 
the preclinical stage of AD. In AD patients and MCI subjects, 



amyloid R (Afi)-plaque biomarkers have largely reached a plateau 
by the time clinical symptoms appear [15]. Similarly, genetic at- 
risk individuals demonstrate Afi accumulation many years before 
the onset of impaired cognitive function [16-18]. Thus, those 
displaying SCI may already have some brain pathological 
abnormalities. Identifying the prodromal stage of AD is a major 
target for clinical research and disease-modifying therapies [19], 
[20], At a more basic level, we should discriminate at-risk from 
normal aged adults with less expensive tools. Although biomarkers 
for AD are now available even at the preclinical stage, their 
acquisition is invasive and/or costly for patients, (e.g., lumbar 
puncture, positron emission tomography (PET) scan). Neuroim- 
aging studies of SCI have shown abnormalities of Afi deposition, 
diffusion tensor imaging (DTI) and grey matter volume. Seines et 
al. reported that DTI surpasses cerebrospinal fluid as a predictor 
of cognitive decline and brain atrophy in SCI subjects [21]. In a 
PET study, high Afi deposition in older adults was associated with 
future cognitive decline [22]. SCI subjects also showed decreased 
volumes of medial temporal lobe structures compared to subjects 
without subjective cognitive failure [23], [24]. However, there 
have been few imaging studies on SCI, possibly because of the 
difficulty in recruiting and assessing SCI subjects. Even in the 
reported studies, the number of subjects was relatively small. In 
addition, most of the previous SCI studies did not use more 
complicated memory tests such as the logical memory II subscale 
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from the Wechsler memory scale; hence, those imaging studies 
might have contained MCI subjects. The proposed Reisberg 
criteria for primary idiopathic subjective cognitive impairment [3] 
are as follows: (1) Presence of subjective cognitive deficits; (2) Belief 
that one's cognitive capacities have declined in comparison with 5 
or 10 years previously; (3) Absence of significant medical, 
neurologic, or psychiatric conditions; (4) Absence of overt 
cognitive deficits; (5) Cognitive performance in a general normal 
range; (6) Absence of dementia. In this study, we screened SCI 
subjects who met these criteria, except (2), and who further visited 
our hospital for consultation because of memory deficit. The 
reason for the exclusion of criterion (2) was that subjects did not 
undergo cognitive tests in the previous 5 or 10 years. In the current 
imaging study, we examined the differences in DTI indices and 
cortical atrophy by comparing AD, MCI, SCI and normal 
controls (NC). We proposed that DTI or 3D-MRI would be useful 
as an early stage biomarker. Briefly, our hypothesis was as follows: 

1) Compared with NC, we will observe diffusion changes in AD, 
MCI, and SCI subjects. 

2) By comparing NC, we can observe volumetric changes among 
AD, MCI, and SCI subjects. 

3) These SCI changes would be useful for prediction of 
preclinical stages in the continuum of AD. 

Method 

2.1. Subjects 

The subjects in this study were 39 (11 males and 28 females) 
mild to moderate patients with probable AD, 43 (6 males and 37 
females) amnestic MCI patients and 28 (9 males and 19 females) 
SCI individuals, recruited from the Department of Psychiatry, 
Nara Medical University, Kashihara, Japan. NCs were recruited 
from local resident associations and elderly clubs in Kashihara 
city. Sixty NCs underwent a medical examination and cognitive 
assessment, and 1 9 of them were excluded for meeting the criteria 
for MCI, probable AD, DSM-IV axis I disorder or the exclusion 
criteria mentioned below. Probable AD was diagnosed according 
to the National Institute of Neurological and Communicative 
Disorders and Stroke and the Alzheimer's Disease and Related 
Disorders Association criteria [25]. Amnestic MCI was diagnosed 
according to the criteria defined by Petersen [26], [27]: subjective 
or informed-by-partner memory complaints confirmed by im- 
paired memory function (scoring below the education-adjusted 
cutoff on the logical memory II subscale from the Wechsler 
memory scale; WMS-R LM II), a Mini Mental State Examination 
(MMSE) score greater than 23, absence of significant levels of 
impairment in other cognitive domains, and essentially preserved 
activities of daily living. The education-adjusted cutoff scores of 
WMS-R LM II are as follows: a) education years SI 6, LMII score 
£8; b) education years 10 to 15, LMII score ^4; c) education 
years 0 to 9, LMII score <2. 

The SCI subjects had become aware of poor memory function 
and came to our hospital for consultation. To be classified as SCI, 
the subjects had normal memory function on WMS-R LM II and 
scores above cut-off on MMSE. Three SCI subjects had converted 
to amnestic MCI and one to AD by the conclusion of this study. 
This study was approved by the Ethics Review Board of Nara 
Medical University. Written informed consent was obtained from 
each of the subjects prior to their participation. 

A somatic and neurological evaluation was performed in all 
subjects, with a routine laboratory examination and brain 
structural MRI. Exclusion criteria for all subjects were: a history 



of substantial head injury, seizures, neurological diseases, impaired 
thyroid function, and corticosteroid use. Cerebral white matter 
hyperintensities on T2-weighted images were rated for all 
participants using the deep white-matter hyperintensity (DWMH) 
grade of the Fazekas scale [28]. Subjects with cortical infarctions 
or DWMH grade 3 or 4 on T2-weighted images were excluded, 
whereas subjects with small lacunae in white matter (fewer than 5 
lesions on T2-weighted images) were included. All participants 
were screened for comorbid medical and psychiatric conditions by 
means of clinical, physical, and neurological examinations. 
Cognitive function was assessed according to a standardized 
cognitive battery of tests, including MMSE and the Alzheimer's 
disease assessment scale-cognitive component (ADAS-Cog). Glob- 
al deterioration scale (CDS) stage was also determined by clinical 
interview [29], [30]. NC is thought to be the first stage of the GDS 
scale, SCI the second stage, MCI the third, and AD patients were 
placed in the fourth and fifth stages. 

2.2. Cognitive assessment 

Assessment of cognitive function was carried out according to a 
standardized battery of tests, including the MMSE, WMS-R LM 
II (story A) and the ADAS-Cog. NCs did not undertake the 
ADAS-Cog. Two well-trained psychologists evaluated the cogni- 
tive functions of all subjects. 

2.3. Data acquisition by MRI 

All MRI examinations were performed using a 1.5-Tesla 
scanner (Magnetom Sonata, Siemens AG, Erlangen, Germany). 
DT images were acquired with echo-planar imaging (EPI) 
sequence (b = 0 and 1000 s/mm 2 , repetition time (TR) = 
4900 ms, echo time (TE) = 85 ms, field of view (FOV) = 
230 mm, matrix = 128x128, slice thickness 3 mm without gap, 
number of averages = 6; 50 contiguous slice images; acquisition 
time, 6 minutes). The reconstruction matrix was 256x256 by 
interpolation, and 2x2x2 mm voxel data were obtained. Motion 
probing gradient (MPG) was applied in 6 directions. High- 
resolution three-dimensional Tl -weighted images were acquired 
using a magnetization prepared rapid gradient echo (MPRAGE) 
sequence (TR = 1500 ms, TE =3.93 ms, inversion time (TI) = 
800 ms, flip angle = 15°, FOV =233x233 mm, slice thickness 
= 1.25 mm; 144 sections in the sagittal plane; acquisition matrix, 
256x256; acquired resolution, lxlxl mm). We also acquired 
Tl -weighted (spin-echo; TR =500, TE =20) and T2-weighted 
(turbo spin-echo; TR =4000, TE =110) images. 

2.4. MRI processing and voxel-based analysis (VBA) 

The obtained diffusion images were visually inspected for 
apparent artifacts by a radiologist. Automated image preprocess- 
ing and statistical analysis were carried out using statistical 
parametrical mapping software (SPM8, Wellcome Department 
of Imaging Neuroscience, London, UK) running in MATLAB 
(MathWorks, Natick, MA, USA). For each subject, distortions 
induced by eddy currents and head motion were corrected by 
affine registration of the diffusion images to the non-diffusion 
weighted images (b value =0 s/mm 2 ). 

A brain mask of each subject was created using the Brain 
Extraction Toolbox (BET). The diffusion tensor indices of each 
voxel were calculated by FMRI's Diffusion Toolbox (FDT), and 
then the mean diffusivity (MD) and fractional anisotropy (FA) 
maps were generated for each subject. We coregistered the 
individual Tl -MPRAGE images to the B0 map, and then 
normalized the Tl -MPRAGE images into the standard MNI 
space and applied the transformation matrix to normalize the 
generated FA and MD images. Images were shown at a final voxel 



PLOS ONE | www.plosone.org 



2 



August 2014 | Volume 9 | Issue 8 | e104007 



GM and WM Changes in SCI, MCI and AD 



Table 1. Demographic and diagnostic data of the participants. 







NC 


SCI 


MCI 


AD 




Number (n) 


41 


28 


43 


39 


P 


Gender, f/m 


23/18 


19/9 


37/6 


28/11 


-COS* 


GDS stage 


1 


2 


3 


4 or 5" 




Age, mean (SD), y 


75.2 (5.34) 


70.5 (7.30) 


74.6 (6.40) 


73.2 (7.98) 


<.05*** 


Education, mean (SD), y 


12.27 (2.05) 


12.36 (2.23) 


1 1 .56 (2.45) 


1 1 .85 (2.38) 


N.S.*** 


MMSE, mean (SD) 


28.9 (1.55) 


28.5 (1.50) 


26.3 (1.47) 


20.8 (2.11) 




ADAS-Cog, mean (SD) 




5.48 (2.18)**** 


11.23 (3.96) 


1 7.00 (5.63) 




WMS-R 


Logical Memory 1 A 


10.76 (2.85) 


1 1 .86 (3.84) 


3.53 (2.35) 


2.26 (0.18) 




II A 


10.20 (3.30) 


9.18 (3.56) 


1.02 (1.35) 


0.18 (0.56) 




Fazekas DWMH grade 


0 


17 


11 


13 


17 


N.S.* 


1 


22 


15 


22 


17 


N.S* 


2 


2 


2 


8 


5 


N.S* 


ChEl administration 


0 


2 


16 


17 


-C.0001* 



NC, normal controls; SCI, subjective cognitive impairment; MCI, mild cognitive impairment; AD, Alzheimer's disease; GDS, Global Deterioration Scale; MMSE, Mini Mental 
State Examination; ADAS-Cog., Alzheimer's disease assessment scale - cognitive subscale; WMS-R, Wechsler memory scale - revised; N.S., not significant; DWMH, deep 
white matter hyperintensity; ChEl, cholinesterase inhibitor. 

*% 2 test, **GDS; stage 4, n = 25, stage 5, n = 14, ***one way analysis of variance, ****lack of one subject's data. 
doi:1 0.1 371 /journal.pone.01 04007.t001 



size of 2x2x2 mm resolution. The resulting transformation was 
then applied to the MD map for spatial normalization. The 
normalized maps were spatially smoothed with a 6-mm isotropic 
Gaussian filter. 

Gray matter image preprocessing and statistical analyses were 
also carried out using SPM8 software (Wellcome Department of 
Imaging Neuroscience Group, London, UK; http://www.fil.ion. 
ucl.ac.uk/spm), in which we applied VBM implemented in the 
VBM8 toolbox (http://dbm.neuro.uni-jena.de/vbm.html) with 
default parameters. Images were bias-corrected, tissue-classified, 
and registered using linear (12-parameter affine) and non-linear 
transformations (warping), within a unified model [31]. Subse- 
quently, analyses were performed on gray matter (GM) segments, 
which were multiplied by the non-linear components derived from 
the normalization matrix in order to preserve actual GM values 
locally (modulated GM volumes). Importantly, the segments were 
not multiplied by the linear components of the registration in 
order to account for individual differences in brain orientation, 
alignment, and size globally. Finally, the modulated volumes were 
smoothed with a Gaussian kernel of 6 mm full width at half 
maximum (FWHM). 

Normalized and smoothed FA, MD and GM image maps were 
compared with voxel-based analysis among the four subject 
groups. Statistical inferences were made at a voxel-level threshold 
of p<0.001, uncorrected, with a minimum cluster size of 30 
voxels. Fazekas DWMH grade, age, gender, education and 
cholinesterase inhibitor use were treated as covariant components. 

2.5. Statistical analysis 

Demographic data were analyzed using the Statistical Package 
for Social Sciences (SPSS for Windows, Version 16.0; SPSS, 
Chicago, IL). We performed the % 2 test of differences in gender 
distribution and Fazekas DWMH score across the groups and used 
the Kruskal-Wallis test to evaluate systematic differences in age 
and education across groups. 



Results 

3.1. Demographic Data 

There were significant differences in gender, age and cholin- 
esterase inhibitor administration across the groups. Seventeen AD 
patients, 16 MCI patients and 1 SCI subject were taking 
cholinesterase inhibitors at the time of MRI acquisition and 
cognitive function assessment. As mentioned earlier, GDS stages 
were also categorized. AD patients were placed in the fourth or 
fifth stage, with 25 mild AD patients classified as fourth stage and 
14 moderate AD patients as fifth stage. The mean MMSE score 
was 20.8±2.1 for AD subjects, 26.3±1.5 for MCI subjects, 
28.5 ± 1 .5 for SCI subjects, and 28.9± 1.6 for controls (Table 1). 

3.2. Voxel-based analysis 

Imaging results for all comparison groups are shown in Tables 
SI— S3 and Figs. 1-3. FA and MD are diffusion tensor imaging 
markers commonly used in the study of microstructural white 
matter abnormalities in many pathological states. It is believed 
that factors such as axonal density, myelination and homogeneity 
in the axonal orientation affect the degree of these diffusion 
markers. Compared with NC, MCI and AD groups showed 
significandy lower FA in the medial temporal region. Similarly, 
compared with SCI, MCI and AD groups had significantly lower 
FA in the medial temporal region and deep white matter (Fig. 1 
and Table SI). There were no statistically significant differences 
between the AD and MCI groups. 

As for MD measures, AD and MCI had more widespread, 
higher MD regions mainly in the temporal lobe and cingulum 
than NC. Compared with SCI, AD and MCI had elevated MD in 
the temporal lobe, frontal lobe and precuneus (Fig. 2 and Table 
S2). There were widespread, significant differences in GM volume 
in NC compared with AD and MCI. AD and MCI showed 
atrophic changes in the medial temporal lobe and frontal lobe 
relative to NC. Similarly, the AD and MCI groups had more 
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Figure 1. Differences in fractional anisotropy among normal 
controls, subjective cognitive impairment, mild cognitive 
impairment and Alzheimer's disease. NC indicates normal control; 
SCI, subjective cognitive impairment; MCI, mild cognitive impairment; 
AD, Alzheimer's disease. The statistical brain maps show colored voxels 
(green to light green) in regions of significantly lower fractional 
anisotropy (FA) (p<0.001 ). The blank brain maps (NC > SCI, MCI > AD) 
show that there are no significant differences between those subject 
groups (NC > SCI, MCI > AD). 
doi:1 0.1 371 /journal.pone.01 04007.g001 

prominently atrophic regions than the SCI group in the frontal 
lobe, temporal lobe, cingulate gyrus and precuneus of the superior 
parietal lobe (Fig. 3 and Table S3). 

There were no statistically significant differences between the 
NC and SCI groups in all measures (Tables S2-3, Figs. 1-3). 

Additionally, both AD and MCI had the same extent of 
diffusion changes. To assess the effect of medial temporal volume 
atrophy on the results of the voxel-based DTI analysis of the AD 
and MCI groups, voxel-wise FA and MD differences between 
these groups were examined by adding the medial temporal 
volume as a covariate. The medial temporal volume of each 
subject was calculated by averaging the values for all voxels within 
the spherical volume of interest (V OI) placed on the region where 
the AD group showed significant atrophic change when compared 
to the MCI group (Fig. 3). The center of the spherical VOI (5-mm 
radius) was determined from the MNI coordinates with peak t- 
value (coordinate X= 25, Y = -2, Z = -32; see Table S3). The 
results showed that, taking into account the medial temporal 
atrophy, there were no significant differences of FA and MD in the 
medial temporal regions between the AD and MCI groups (Fig. 
Sl-2). 



Figure 2. Group differences in mean diffusivity. The statistical 
brain maps show colored voxels (dark blue to light blue) in regions of 
significantly higher mean diffusivity (MD) (p<0.001). The blank brain 
map (NC < SCI) shows that there are no significant differences between 
NC and SCI groups. 

doi:10.1371/journal.pone.0104007.g002 



Discussion 

In our study, the AD and MCI groups showed more widespread 
abnormal regions than the NC and SCI groups. AD and MCI 
showed almost the same degree of abnormalities in white and gray 
matter. However, there were no statistically significant differences 
between the SCI and NC groups by any of the measures. These 
results suggest that it may be difficult to investigate microstructural 
changes of the SCI stage using structural or diffusion tensor MRI. 
In addition, 3 SCI subjects converted to amnestic MCI and one 
subject converted to AD after this study. Therefore, some of the 
SCI subjects in this study may have undergone some pathological 
changes (e.g., deposition of amyloid beta). Briefly, it may be 
difficult to show initial changes at the SCI stage by structural MRI 
or DTI. In addition, this speculation would be consistent with the 
preclinical stage of the hypothetical model of dynamic biomarkers 
of Alzheimer's disease [15], [32]. The model is based on the 
hypothesis that amyloid-fi accumulation is an upstream event in 
the cascade resulting in synaptic dysfunction, which may in turn 
trigger neurodegeneration and cell loss causing structural changes 
in the brain. Finally, the full pathologic cascade of events results in 
dementia. Similarly, the current results also suggested that the AD 
and MCI groups had almost the same extent of pathological 
changes, which is also consistent with the hypothetical model. In 
addition, this result is consistent with our previous tractography- 
based DTI study on AD and MCI [33]. 



PLOS ONE | www.plosone.org 



4 



August 2014 | Volume 9 | Issue 8 | e104007 



GM and WM Changes in SCI, MCI and AD 




Figure 3. Gray matter atrophy across subjects groups. Voxel- 
based analysis showing regions of gray matter atrophy across groups. 
Clusters are overlaid on the MNI standard brain. Red- to yellow-colored 
voxels show regions with significance in the analyses. The blank brain 
map (NC > SCI) shows that there are no significant differences between 
NC and SCI groups. 
doi:1 0.1 371 /journal.pone.01 04007.g003 

Three studies have reported volume reduction in temporal lobe 
structures in subjects with subjective memory or cognitive 
impairment. One study showed that subjective memory impair- 
ment subjects had smaller medial temporal structures [24]. 
However, as measurement was performed by manual outlining 
and only one rater, the results might have suffered from bias [34— 
36] . Although the other two studies also showed brain atrophies in 
SCI, cognitive testing was insufficient, suggesting that both studies 
might have included MCI subjects as SCI subjects [37], [23]. 
These two studies did not use specific memory tests such as the 
logical memory II subtest of the Wechsler memory scale. Without 
such a test, it is difficult to diagnose between SCI and amnestic 
MCI [38], [39]. 

To our knowledge, five DTI studies on SCI have been reported 
[21,40-43]. Four out of the five studies were conducted by the 
same research group [2 1 ,40-42] . Three of these studies combined 
cerebrospinal fluid (CSF) biomarkers and DTI [21,41,42], and two 
of them showed significant diffusion changes in cingulum fiber 
[41], [42]. However, because of the small number of SCI subjects 
in two of these studies, the SCI and MCI subjects were combined 
and the MCI subjects' results were mainly shown [41], [42]. They 
also showed that DTI parameters were a better predictor of 
disease progression than CSF biomarkers in SCI, and 5 of 1 1 SCI 
subjects converted to AD during the follow-up period, as did 6 of 
43 MCI patients [21]. Because the SCI subjects have high rate 



conversion to AD relative to the MCI subjects, the subjects in that 
study may be highly-selected and have been far from ideal SCI 
subjects. However, combining CSF biomarkers and imaging 
results would be ideal because SCI subjects would likely show 
very few structural imaging changes. 

Meanwhile, Wang et al. reported that a voxel-based analysis of 
DTI indices did not reveal any differences between the older 
adults with cognitive complaints (CC) and healthy controls (HC). 
[43] This result was consistent with ours. In addition, they 
conducted another analysis which used parahippocampal region of 
interest (ROI). In this analysis, the CC group showed diffusivity 
values that were intermediate to the MCI and HC groups. 
However, the CC group also had significantly lower memory 
scores (Wechsler Memory Scale-Ill, Logical Memory delay recall) 
than did the HC group. Therefore, the CC subjects in their study 
had objective memory impairment, while SCI subjects in our 
study showed no objective memory impairment. This difference 
may explain the discrepancy between the results of these studies. 

In contrast to those previous studies, we could not observe any 
differences between SCI and NC by DTI analyses or structural 
neuroimaging. Although it is difficult to collect and assess SCI 
subjects, we specifically classified people with awareness of poor 
memory function as SCI or amnestic MCI using cognitive tests 
and clinical interviews. This may explain why our results differed 
from other reports investigating SCI. In addition, like other 
previous reports, if we include subjects with "awareness of poor 
memory" and normal range MMSE score as SCI, most of our 
MCI subjects would be diagnosed as SCI. Many amnestic MCI 
patients are aware of their memory deficits [44] . As mentioned 
previously, our SCI subjects met the proposed Reisberg criteria for 
primary idiopathic subjective cognitive impairment [3]. In 
addition, we did not advertise for the current study, and the SCI 
subjects voluntarily visited our hospital for consultation on 
memory deficit. 

In future studies, besides CSF biomarkers and amyloid PET 
examination, it might be of greater benefit to perform functional 
brain imaging such as functional MRI and near infrared 
spectroscopy (NIRS) than structural or diffusion MRI. Alterna- 
tively, because the current study and previous MRI studies of SCI 
were conducted using 1.5-T MRI scanners, the use of more than 
3-T MRI machines, diffusion tensor or kurtosis imaging may be 
more useful for an assessment of the very early disease stage [45] . 
Some of the previous SCI studies investigated APOE genotype 
and showed that the s4 genotype but not the non-s4 genotype was 
related to future cognitive decline and brain atrophy [37], [41]. 
Combining those biomarkers and neuroimaging might also be 
useful for gaining a better understanding of the early pathological 
changes of Alzheimer's disease. 

In conclusion, there were no significant differences between SCI 
and NC in any measurement. We also observed that AD and MCI 
subjects had almost the same extent of white matter and atrophic 
changes. Our results mean that DTI or volumetric analysis of SCI 
cannot show the early pathological changes. However, our results 
were consistent with the hypothetical model of dynamic biomark- 
ers of Alzheimer's disease [15] [32]. 

Supporting Information 

Figure SI Differences in fractional anisotropy between 
Alzheimer's disease and mild cognitive impairment by 
adding the medial temporal volume as a covariate. 

(TIF) 
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Figure S2 Differences in mean diffusivity between 
Alzheimer's disease and mild cognitive impairment by 
adding the medial temporal volume as a covariate. 

(TIF) 

Table SI Voxel-based analysis data of fractional an- 
isotropy among the groups. R indicates right; L, left; NC, 
normal control; SCI, subjective cognitive impairment; MCI, mild 
cognitive impairment; AD, Alzheimer's disease, p-values adjusted 
for search volume. 
(XLS) 

Table S2 Voxel based analysis data of mean diffusivity 
among the groups. R indicates right; L, left; NC, normal 
control; SCI, subjective cognitive impairment; MCI, mild 
cognitive impairment; AD, Alzheimer's disease, p-values adjusted 
for search volume. 
(XLS) 
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